Chloroplast transcripts are complicated; they can be monoor poly-cistronic and are subject to processing, splicing, and RNA editing. As illustrated in Figure 1 , nuclearlyencoded RNA-binding proteins, the pentatricopeptide repeat proteins (PPRs), prevent exonucleases from degrading processed plastid mRNAs (Barkan and Small, 2014) . When a PPR protein binds to a plastid mRNA, short RNA footprints (i.e., the portion of the mRNA protected by the PPR) are generated and persist. Furthermore, when PPRs bind in the 5 0 UTR of a plastid mRNA they can enhance translation, for example by getting rid of stem-loops that inhibit translation initiation (Prikryl et al., 2011) . PPR proteins come in different flavors, and a sub-group, termed the PPR-SMRs, have received a lot of attention, because one such PPR-SMR is encoded by GUN1 (Genomes Uncoupled), whose mutant phenotypes indicate a key role for this PPR-SMR in plastid development and retrograde signaling (Koussevitzky et al., 2007) .
Chloroplasts are increasingly being used for biotechnological applications, as their polycistronic transcripts offer the precedent for engineering multi-enzyme biosynthetic pathways and for production of drugs and vaccines. To optimize expression of plastid-expressed transgenes, Zhou et al. (2007) identified an intergenic element (IEE) that is bound to the PPR-like protein HCF107, and showed that it could thereby stabilize a monocistronic transgene mRNA. In the highlighted paper (Legen et al., 2018) other potential sRNAs were identified via analyses of small RNA sequencing data and then tested for their ability to stabilize mRNA transcripts and increase translation.
Most of the team are long-time veterans of plastid biology. Christian Schmitz-Linneweber spent 1 year as a visiting undergraduate in Alice Barkan's lab and returned later as a postdoc for 2 years. Alice came up with the idea to test sRNA sequences in a transplastomic approach, as she had mechanistic questions about the position and function of sRNAs, and her lab had first proposed that sRNAs are generated by PPR proteins (Pfalz et al., 2009) . Christian and Alice continued to collaborate after he started his own lab in 2005. Ralph Bock pioneered the use of plastid expression for biotechnology and his group is highly skilled in producing transplastomic lines (Bock, 2015) . Ralph suggested testing several sRNAs discovered in the SchmitzLinneweber lab for their ability to drive transgene expression. Both Julia Legen and Stephanie Ruf have worked on organelles since their graduate work. Julia, a postdoc in Christian's lab, carried out all the molecular analyses of the transplastomic lines; Stephanie, a postdoc in Ralph's lab, as well as Xenia Kroop, a lab technician, performed the biolistic transformations and generated the homoplastomic lines. Gongwei, a Ph.D. student with Christian, analyzed the sRNAs bioinformatically and generated the vectors used for transformation.
They started with the premise that using too many of the same IEE in a multi-cistronic transgene might deplete the relevant PPR from endogenous transcripts and therefore be detrimental. Indeed, in the highlighted paper they showed that, when the same IEE was introduced into a transgene with 3 cistrons (i.e. in front of both the 2nd and 3rd genes), endogenous transcripts from psbH-petB-petD, an HCF107 target, were reduced. They furthermore assumed that the functional unit within the IEE is the HCF107 binding site and thus selected other binding sites of PPR proteins they had identified in small RNA-seq datasets. In the end, they tested 3 sRNA sequences that were known to be bound by a particular PPR protein (PPR10, HCF152, CRR2), one from 23S ribosomal RNA that was known to associate with the SMR-PPR protein SOT1, and a 5th that is likely generated by an unknown PPR protein. They inserted these PPR binding sequences in the intergenic region of a di-cistronic construct that encodes neomycin resistance and eGFP. Once plants were regenerated, they assessed levels of the neo and eGFP transcripts using RNA gel blot hybridizations, and assessed eGFP levels using an anti-GFP antibody. Although the increase varied in different homoplastomic lines, all but one of the tested sequences worked. Somewhat surprisingly, the 23S sRNA sequence did not stabilize neo transcripts. Why not? In that case the PPR protein is an SMR-type; the C-terminal SMR domain might compromise the ability of the PPR protein to function as a block against the 3 0 -to-5 0 exonuclease.
An effect on translation was expected to be dominant, since all mRNAs contained the PPR binding site, whereas transcript stabilization affects only the mRNAs that terminate with the PPR. It is often assumed that monocistronic mRNAs would be ideal templates for translation. However, Alice's lab had shown that, for many genes, both monoand polycistronic transcripts are used as templates (e.g. Zoschke and Barkan, 2015) . What's next? They are currently testing if the location of the sRNAs or an influence on RNA secondary structure affects translation or RNA stability. Christian commented that they really want to know if PPR proteins are the gas pedal driving translation, or only an essential part of the engine.
The ability to use different sRNAs for different genes in a polycistronic operon of transgenes is a great improvement; it should reduce the risk of titrating a PPR protein needed to stabilize important endogenous transcripts, and should minimize the risk of homologous recombination between re-iterated IEEs. One of the newly identified sRNAs, that of ndhB, is particularly promising, as there are no phenotypes in ndhB mutant plants. Thus, even high levels of transgene expression shouldn't bother expression of the endogenous targets of CCR2. Lastly, they tested only 5 new sRNAs. RNA-seq datasets contain many more candidates (Ruwe et al., 2016) , so further sRNAs will likely soon appear in the plastid expression toolbox. 
